The preferred temperature of Microplectron fuscipennis Zett., a Chalcid parasite of the European spruce sawfly, has been investigated with special reference to ( 1) changes produced by selective breeding, and (2) the signi ficance of such changes in the biological control of insect pests.
I ntroduction
Most poikilothermal animals, when offered a wide range of tempera tures, show a definite preference for certain temperatures. If insects are placed in an apparatus designed to provide a choice of numerous tempera ture conditions, they will remain active for some time but finally come to rest within a certain temperature zone. The preferred temperature thus apparently chosen by the insect is referred to as the preferendum.
The fact that the preferendum of terrestrial insects is profoundly vari able is a characteristic of most reports on their behaviour in a gradient of temperature. Marked variations have been found not only between different groups and the various stages of development, but to some extent between the different areas within the geographic range of one species. It was, however, the detailed studies of Herter (1924) working with the ant, Formica rufa L ., and of Bodenheimer and Schenkin (1928) with the beetles, Tribolium confusum Duv. and Ehizopertha dominica F., that first showed the differences in preferred temperature associated with (although not definitely dependent on) previous temperature experiences and general external temperatures. Their work has been extended to other species by many authors, of whom the most outstanding are Henschel (1929) and Totze (1933) . For a more complete review of the literature the reader is referred to Fraenkel and Gunn (1940) .
In some cases, especially among those in which the reported changes are more conspicuously evident, it is clear that the shifting nature of the preferendum is related to factors other than those of previous temperatures and general external conditions. Bodenheimer and Schenkin (loc. cit.) have shown differences seemingly dependent on the external temperature. They failed, however, to find any relation between the preferendum and the average monthly temperatures, and could not explain the phenomenon. No one seems to have carried this investigation further to determine if the variations may be due to acclimatization, as were the differences in the chill-coma temperatures of several insects investigated by Mellanby (1939) , or to some form of adaptation related to inherent differences within the parental stock.
The latter seemed to be of particular significance in connexion with the laboratory propagation and field establishment of the Chalcid parasite, Microplectron fuscipennis Zett., on the European spruce sawfly (Gilpinia polytoma Htg.) in Canada. This cocoon parasite, originally introduced from Europe, has been one of the most outstanding agents utilized by the Dominion Parasite Laboratory in the biological control of the sawfly (vide Baird 1939) . Following initial liberation of laboratory-reared parasites in a number of widely separated areas, recovery studies indicated much more successful establishment and increase in certain areas than in others. Analysis of temperature and general ecological field data, when considered in the light of preliminary laboratory tests, indicated that these differences might be associated with the preferred temperature behaviour of the parasite.
It therefore seemed desirable to study the changes in preferendum shown by Microplectron fuscipennis Zett. first, in order to determine the nature of the factors involved, and secondly, to obtain information from which it might be possible to establish in the laboratory strains more or less specially adapted to different regions in the sawfly-infested areas. Hence, the present work is an attempt to determine the possible existence and application in pest control of intraspecific groups in which, to some extent, individuals might be isolated by means of temperature preferences.
Changes in preferendum produced by selection

Methods a nd materials
The methods employed in the determination of the preferendum are very varied. Those of more frequent use in the study of insect behaviour have involved the establishment of a continuous temperature gradient in which the animals may group themselves at any chosen temperature. The 402 A. W ilkes apparatus usually employed has been modelled after Herter's (1924) 'temperaturorgel' and consists essentially of a glass-covered, rectangular, metal trough, heated at one end and cooled at the other. Numerous variations of this type of apparatus have been cited by Fraenkel and Gunn (1940) .
The apparatus used in the present investigation was of the same general construction. It consisted of a well-insulated metal trough, one end of which projected into a cooling cylinder and the other into a warming chamber. The trough was made from bars of copper joined to form a rectangular groove 38 in. long with a double strip of glass forming the roof. One end of the trough projected into a heating box, the temperature being regulated by means of a Dekhotinsky thermoregulator. The opposite end was immersed in a cooling solution provided with a simple stirring device. Holes were bored at intervals of 1 in. along one side through which were inserted thermocouple points. Although 38 points were set up, during the experiments only five were used; the remainder served mainly in testing the apparatus. The temperature along the various sections of the gradient was obtained by interpolation from a graphical plot of the five readings. Figure 1 shows examples of the temperature gradient in the trough during three experiments.
The routine followed in the handling of the experimental Chalcid flies was similar throughout, and therefore needs no special consideration. The gradient was first allowed to reach a steady state. A small number of M . fuscipennis Zett. was then placed in the centre of the trough. For a period of 2-3 days records of their position in the trough were taken at approximately 3 hr. intervals. Before being placed in the trough all the flies were kept at 23° C for at least 24 hr. In all but the field-recovered stock the immature stages were reared at that temperature.
During the experiments, the flies would wander almost from end to end of the gradient in temperatures from 5 to 40° C. In only a few cases did any of them come to rest for more than a few minutes outside of the tem perature range for the group. The temperature at which the flies react violently to escape is 35-38° C. At 45° C and 80 % relative humidity they die in from 9 to 10 min. when transferred from 23° C.
The region of temperature in which the individuals congregate is referred to in the present study as the preferendum following the trans lation of Vorzugstemperatur by C. B. Williams (vide Bodenheimer and Schenkin 1928) . As pointed out by Bodenheimer and Schenkin (1928) and later by Fraenkel and Gunn (1940) , this does not necessarily imply that the preferendum can be stated as fractions of a degree. It is considered here as a zone in which 50-80 % of the individuals occur.
The data obtained from the different classes of M. fuscipennis Zett. tested have not been treated statistically. The mean preferenda with their standard error, although of little comparative value, have been included in a few cases, since they provide some measure of the error and relative variability of the groups. In order to show the general features of the distribution of each group, the results are presented in the form of frequency polygons, in which frequency in percentage is plotted against temperature. 
R esults of observations and experim ents on the
PREFERENDUM OF M IC R O P L E C T R O N F U S C IP E N N IS Zett.
(a) The normal preferendum of laboratory reared adults Although, as will be shown later, the preferendum of M . fuscipennis Zett. is subject to considerable variation, it would seem advisable, before dealing with such changes, to consider what might be regarded as an ideal or normal preferred temperature for this species. This has been done by testing in the thermal gradient random samples of laboratory-reared stock (reared at 23° C) during the mid-period of their breeding season. The data obtained from these individuals, virgin females, mated females and males, are tabulated in table 1. Their distribution in the gradient is shown graphically in figure 2. The preferendum may be seen in figure 2 to be rather sharply defined and uniformly constant between 21 and 28° C for all three groups; 60-70 % of the flies congregated between 20-30° C. The average preferred tem perature is 21-2-22-8° C. The differences between the means is not statistic ally significant. Although in all three there is a marked modal distribution at 25° C, the curves are not symmetrical. Each has a distinct negative skewness in which there appear to be two minor peaks in the vicinity of 15 and 8° C. The significance of the lower modes is referred to later.
(b) Changes in the preferendum during the laboratory breeding season
The first noticeable change from the normal preferendum of M. fusci pennis Zett. was observed when flies were tested at various periods during the active breeding period. In the rearing of this parasite for release, intensive laboratory propagation begins in May and continues until September. It is, therefore, possible to remove adults for preferred tern-perature tests at various periods during the summer. This was done in May, June and August, the complete data of which are shown in table 2. In figure 3 are shown the curves of percentage frequency plotted against temperature. It is clear from these results that there is a more or less general shift to the lower temperatures as the breeding season advances. The narrowest range of the preferendum is shown by the females reared in May, most of which preferred a temperature of between 17 and 23° C. Those reared less than 3 weeks later began to prefer a wider zone in the temperature gradient with a noticeable preference of some individuals for temperature near 15 and 8° C. Those reared in August show the greatest preferred temperature range. At that time, almost an equal number of females preferred the 25 and 8° C zones with only a slightly smaller number preferring 15° C.
Differences in the preferendum of this species as shown by the curves in figure 3 are of particular significance, in that although they are some what variable, they do not represent a direct shift of the normal curve toward the lower temperature of the gradient. Instead of a direct shifting of the almost unimodal May curve to the right, there is a marked reduction of the number preferring the higher temperatures and the establishment of a distinctly trimodal distribution in August. 5 1 -7-5 0 1*1 11*2 7*6-100 0*2 2*2 4*8 10*1-12*5 3*9 0*2 3*4 12*6-15*0 1*0 1*9 2*5 15*1-17*5 11*9 13*2 7*3 17*6-20*0 24*1 6*9 7*9 20*1-22*5 30*1 11*6 4*7 22*6-25*0 10*0 36*9 27*4 25*1-27*5 13*9 14*8 9*2 27*6-30*0 2*8 7*1 14*0 30*1-32*5 1*9 2*4 4*7 32*6-35*0 0*2 1*7 2*9 35*1-37*5 0 0 0
The most obvious explanation for such changes in the preferendum, since standard conditions were maintained throughout, was in the selection of adults for breeding. During the winter and until May the source of adults used for test purposes was a relatively small maintenance stock of closely inbred females. Thus the parents selected for breeding in each generation were those which emerged first from their host; the remainder being discarded. From May to the end of August large-scale propagation was conducted (approximately 60 million parasites per month). During this period the parents were outcrossed and all emergents were used in each succeeding generation. Thus, in May, the adults used for thermal gradient tests were from a limited group of a selectively inbred stock. Later in the season the flies were taken at random from a much larger group in which all possible segregants would be present. Thus it would seem that indirect selective breeding at 23° C over a period of successive generations reduces the number of individuals preferring certain low zones of temperature, but when random breeding is introduced there reappear all preferred temperature groups which are usually present in the normal population. (c) Changes in the preferendum induced by selective breeding Before considering further the changes in preferred temperature illu strated in figure 3, it was regarded as possible that similar changes in the preferendum might be induced by the formal application of selective breeding methods. To do this females were selected from a group forming the lowest mode in figure 2 ; those congregating at 6-10° C. The progenies of this first selected generation were placed in the thermal gradient, and the parents of the second and subsequent generations selected and tested in the same manner. In 1939 time permitted of only two such selections.
During the 1940 season the selective breeding experiments were con tinued, beginning as before with selections from the normal laboratory stock. This line has now reached the 12th selectively inbred generation. Since, however, the data from each after the fourth generation are almost identical, only the first four and the last are shown in table 3. The changes in preferendum are illustrated graphically in figure 4. between temp, given: 5*1-7*5 0 9*4 0*3 5*4 4*2 9*5 9*7 7*6-100 0*8 17*4 6*6 8*0 26*3 30*7 28*4 10*1-12*5 9*3 8*6 1*9 7*8 7*9 10*6 13*1 12*6-15*0 7*7 17*3 9*7 9*1 6*9 7*9 9*5 15*1-17*5 8*4 5*0 9*1 10*7 9*6 5*0 16*3 17*6-20*0 9*2 6*4 7*8 12*2 8*0 7*9 4*9 20*1-22*5 8*3 7*4 21*0 19*3 9*9 6*1 10*5 22*6-25*0 9*2 11*2 23*4 9*3 11*8 7*2 4*8 25*1-27*5 23*6 10*7 9*9 12*4 5*6 7*4 1*4 27*6-30*0 18*9 3*0 9*7 4*1 6*5 1*6 0*9 30*1-32 In both series it is clearly noticeable that the flies even in the first selected generation contained fewer individuals which congregated at the higher temperatures. Although the large peak at 25° C shown by the original parental stock was still present, it was much reduced, representing not more than 50 % of the flies. In the subsequent selected generations a further and continuous preference for the low temperatures is observed, with a corresponding flattening of the curves to the right of the new modes.
It may be noted by a comparison of the curves given in figure 4 for the original parental stock in 1939 and the 4th selected generation in 1940 that there has been an almost complete reversal of the normal curve. In both there was a very pronounced modal point in the normal stock at 25° C, whereas in the selected stock it was between 8 and 9° C. The peak at 25° C, although becoming smaller in each selected generation, is persistently present in all the curves. The group preferring the 15° C zone, on the other hand, appears to be somewhat variable with respect to the number of individuals it contains and its position in the gradient. Thus, in duplicate sets of experiments it has been possible by intentional selection to change the preferred temperature of this species. By the direct application of such practices as are commonly used in animal breeding a line has been established which has a distinctly lower preferendum than is shown by normal laboratory stock.
These observations provide further evidence to support the explanation suggested for the changes in preferendum observed during laboratory propagation; namely, that individuals of this species may be isolated into groups by differences in temperature preference. The number of groups present, however, is a matter requiring further investigation. Although it has been shown that there are two well-established preference groups at approximately 23-25° C and 8-10° C, it seems that others may be present. The necessity of maintaining standard conditions has limited the number of selections used in the thermal gradient tests. The significance of the group represented by the 15° C peaks, therefore, although noticeably present in almost all the curves shown, is not definitely known.
Conclusions
The position of the preferendum has been shown, both by evidence provided in the literature and from the results of the present experiments, not to be a fixed point, but to be variable. Many workers have found that the preferred temperature of different insects is not always the same, and they have usually considered the changes as seasonal or due to the en vironmental conditions of the insects just previous to the experiments. No one seems to have investigated the possibility of altering the pre ferendum by a method of selective breeding in the laboratory and thus relating the changes to inherent differences within the species.
The changes of preferendum shown by M. fuscipennis Zett. are not related to seasonal or previous temperature experiences, since in these studies the adults were treated in exactly the same manner, using one piece of apparatus under standard, uniform conditions. Although certain changes were observed during the summer season of laboratory propaga tion, these were due to differences in the method of selecting breeding stock. During the early part of the season the females used for breeding purposes were unintentionally selected for high-temperature preferences and thus showed an almost complete mean preference for temperatures between 21 and 23° C. Later in the season when breeding stock was taken more or less at random the change was not a direct shift of the normal preferendum to the lower temperatures but an establishment of three groups at 25, 15 and 9° C. Those present in each group were almost equal in numbers when parents were taken at random for propagation.
A direct attempt to change the preferendum by intentional selection gave similar results. The progeny of selected females preferring 6-10° C congregated in groups similar to those produced by the random use of breeding stock. By continuing to select those preferring the low tem peratures, within four inbred generations a line was established in which over 40 % of the individuals preferred a temperature below 10° C as compared to 3 % in the parental, normal stock. The two groups at 25 and 15° C were still present, but they were represented by only a few in dividuals. Thus in normal propagation, groups have been detected which, by selective breeding, have been more or less isolated into strains by differ ences in their temperature preferences. At least two groups have been isolated in this manner, one preferring a temperature of 25° C and another of 9° C. Although there seems to be strong evidence of a third group at 15° C, definite selections from these peaks have not been made.
An important feature throughout these experiments has been the striking similarity of the preferred temperature curves with respect to both the number and position of the various groups. In almost all the curves shown, representing over 8900 observations, the same number of groups were present, each congregating in their respective temperature zones at the same point along the gradient. Although only two of these have been isolated by selection, it would seem that the differences between them are clearly of genetic origin. The basis of such genetic differences as shown by the preferred temperature groups has not been investigated. It seems likely that by appropriate crosses a study of the hereditary mechanism involved may clarify the underlying relationship between the different groups.
The results of the present study, although of particular significance in connexion with the control of the European spruce sawfly in Canada, present points of general interest in biological control. A brief discussion may be made of the implications of these results on general questions of entomophagous parasite behaviour.
When parasites are reared in the laboratory, the ovipositing females are usually confined to the immediate vicinity of the host; M . fuscipennis Zett., for example, is placed in a small vial with the cocoon of the spruce sawfly. If an introduced parasite is to become established in the field, it must naturally frequent the host habitat. It is perhaps because they fail to do this that certain parasites extremely easy to breed in confinement have completely failed to breed in a new environment, even on their original host.
It is now known that some species will attack the host, only in certain limited parts of its range. Clark and Bradley (1939) have shown that Chelonus annulipes Wesm., a parasite of the European corn-borer (Pyrausta nubilalis Hubn.), is found only in certain restricted ecological habitats; and unless the adults are liberated in or near one of these, colonization is not successful. Microbracon brevicornis Wesm., another parasite of Pyrausta nubilalis Hubn., is occasionally found attacking it in various parts of Europe but is of no importance except in Hungary. In Canada, large numbers of this parasite were bred and liberated; but it has never become established. It attacks the corn-borer in plants enclosed in cages even when the mesh is large enough to allow the escape of the parasite but apparently does not parasitize borers in plants in open fields.
The investigations of Parker (1918) and of Thorpe and Caudle (1939) indicate that in certain cases the adult parasites frequent different en vironments at different times and that their behaviour may be correlated with ovarian development; the female is attracted to the host habitat when she is ready to oviposit.
The problem of how parasites find their hosts in nature has not received much attention. Some authors have assumed that they locate them by random movement. In the case of Microplectron fuscipennis Zett., Ullyett (1936) states that 'The initial discovery of a host depends mainly on a chance encounter during the traverse of the particular area in which the parasite occurs'. This would lead one to conclude that the parasite moves at random until it is within a certain radius of the host, the radius being about 5-6 mm. under laboratory conditions. It then perceives the host and goes straight to it.
But it must be observed that this is merely the way the parasite behaves in a Petri dish, which in no way resembles the natural environment. As Thompson (1939) has recently pointed out, it is very unlikely that parasites find their hosts in nature by random movements. The evidence indicates rather that they are led to it by successive steps, being attracted first to the plants on which the host is found, then to the damaged areas and finally to the host itself. It thus appears that for the initial orientation of the parasite with respect to the host, the characteristics of the habitat may be of greater importance than those of the host itself.
The attraction exerted on the parasite by the host habitat probably depends on several factors, but it seems certain that among these tem perature often plays an important part. The European spruce sawfly habitually spins its cocoon in the moss on the forest floor. The temperature in the moss is considerably lower than that of the air above it, and if it is distinctly below the preferendum for Microplectron, the parasite may not attack the host.
The experiments described in this paper show that the ovipositing females of Microplectron exhibit marked preferences for certain tem peratures, and that the range of preferred temperatures of laboratoryreared specimens is rather limited. It is difficult to decide, from a priori considerations, whether the material reared in the laboratory by the routine methods adopted is really adapted to field conditions in the infested areas, because we have no way of estimating their ultimate effect. However, if we assume that an adaptive or selective process has occurred in Nature, the results of this should eventually manifest themselves in the field population. Tests of the preferendum of material collected in the Gaspe peninsula in areas where the parasites had been established for some years, and thus had gone through a great number of generations under these conditions, were therefore made. In figure 5 curves are given showing the preferendum of adults recovered from Parke Reserve, Quebec (an area having a low mean temperature), females of the general laboratory line reared in August and fourth generation selections for low-temperature preference. It is evident that the preferendum of the ' wild5 adults differs markedly from those reared in the laboratory. In the wild stock, 55 % of the individuals preferred temperatures below 15° C, as compared with 22 % in the laboratory-reared stock. On the other hand, the curve of the strain selected for low-temperature preference closely resembles that of the field material which suggests that natural selection, or an adaptive process in Nature, has produced the same results as were obtained by artificial selection in the laboratory.
The fact that the laboratory-reared material happened to have tem perature preferences which are apparently ill-adapted to climates may explain the wide divergence in the results obtained from the liberation of M . fuscipennis Zett. in various parts of the infested area. In the heavily wooded, cooler sections of the Gaspe, more than 2-4 % parasitism has rarely been reported. On the other hand, liberations in southern New Brunswick, and the warmer sections of the Matapedia valley and the Upper St Lawrence, though made from the same stock, have resulted in some cases in a parasitism of 50-60 %, which has been attained in a much shorter period of time than the low parasitism of the cool regions (Baird 1939 )-For conclusive proof of this theory, further field studies are required. Nevertheless, it does seem, from the investigations here recorded, that the laboratory-reared stock available in the initial stages of this work was not particularly well suited to the control of the European spruce sawfly in the Gaspe. Failure to find the host, produced by the unsuitable preferen dum, might easily eliminate many small colonies and greatly retard the development of the parasite population.
On the other hand, the breeding of strains with specific preferenda, for liberation in particular sections of the area infested by a pest, or differing from those from which the parasite was originally obtained, might be distinctly advantageous. Effective establishment and rapid increase might thus be ensured, the cost of the work reduced and its practical value increased.
Finally, it seems probable that the methods utilized in this investigation, which has been restricted to the temperature preferences of the parasite, could be applied to other characteristics involved in the relations between parasite and host. The work of Thorpe and others has shown that the host preferences of parasites, dependent, apparently, on their reactions to various chemical emanations, are relatively plastic. Further analysis, combined with constructive breeding work on Mendelian lines, might allow us to duplicate in regard to parasites the results obtained with domestic animals and provide material far better adapted to the needs of the economic entomologist than that which Nature provides.
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